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This letter gathers a selection of Standard Model predictions issued from the metrology of the
CKM parameters performed by the CKMfitter group. The selection includes purely leptonic decays
of neutral and charged B, D and K mesons. In the light of the expected measurements from the
LHCb experiment, a special attention is given to the radiative decay modes of B mesons as well as
to the B-meson mixing observables, in particular the semileptonic charge asymmetries ad,sSL which
have been recently investigated by the DØ experiment at Tevatron. Constraints arising from rare
kaon decays are addressed, in light of both current results and expected performances of future rare
kaon experiments. All results have been obtained with the CKMfitter analysis package, featuring
the frequentist statistical approach and using Rfit to handle theoretical uncertainties.
PACS numbers: 12.15.Hh,12.15.Ji, 12.60.Fr,13.20.-v,13.38.Dg
I. INTRODUCTION
In the Standard Model (SM), the weak charged-current
transitions mix quarks of different generations, which
is encoded in the unitary Cabibbo-Kobayashi-Maskawa
(CKM) matrix [1, 2]. In the case of three generations
of quarks, the physical content of this matrix reduces to
four real parameters, among which one phase, the only
source of CP violation in the SM (we do not consider
minute CP -violating effects from the strong-interaction
θ-term or from the masses of neutrinos). One can define
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2TABLE I. Constraints used for the global fit, and the main inputs involved (more information can be found in ref. [4]). The
lattice inputs are our own averages obtained as described in the text.
CKM Process Observables Theoretical inputs
|Vud| 0+ → 0+ transitions |Vud|nucl = 0.97425± 0.00022 [5] Nuclear matrix elements
|Vus| K → pi`ν |Vus|semif+(0) = 0.2163± 0.0005 [6] f+(0) = 0.9632± 0.0028± 0.0051
K → eνe B(K → eνe) = (1.584± 0.0020) · 10−5 [7] fK = 156.3± 0.3± 1.9 MeV
K → µνµ B(K → µνµ) = 0.6347± 0.0018 [6]
τ → Kντ B(τ → Kντ ) = 0.00696± 0.00023 [7]
|Vus|/|Vud| K → µν/pi → µν B(K → µνµ)B(pi → µνµ) = (1.3344± 0.0041) · 10
−2 [6] fK/fpi = 1.205± 0.001± 0.010
τ → Kν/τ → piν B(τ → Kντ )B(τ → piντ ) = (6.53± 0.11) · 10
−2 [8]
|Vcd| D → µν B(D → µν) = (3.82± 0.32± 0.09) · 10−4 [9] fDs/fD = 1.186± 0.005± 0.010
|Vcs| Ds → τν B(Ds → τν) = (5.29± 0.28) · 10−2 [10] fDs = 251.3± 1.2± 4.5 MeV
Ds → µν B(Ds → µνµ) = (5.90± 0.33) · 10−3 [10]
|Vub| semileptonic decays |Vub|semi = (3.92± 0.09± 0.45) · 10−3 [10] form factors, shape functions
B → τν B(B → τν) = (1.68± 0.31) · 10−4 [4] fBs = 231± 3± 15 MeV
fBs/fB = 1.209± 0.007± 0.023
|Vcb| semileptonic decays |Vcb|semi = (40.89± 0.38± 0.59) · 10−3 [10] form factors, OPE matrix elements
α B → pipi, ρpi, ρρ branching ratios, CP asymmetries [10] isospin symmetry
β B → (cc¯)K sin(2β)[cc¯] = 0.678± 0.020 [10]
γ B → D(∗)K(∗) inputs for the 3 methods [10] GGSZ, GLW, ADS methods
V ∗tqVtq′ ∆md ∆md = 0.507± 0.005 ps−1 [10] BˆBs/BˆBd = 1.01± 0.01± 0.03
∆ms ∆ms = 17.77± 0.12 ps−1 [11] BˆBs = 1.28± 0.02± 0.03
V ∗tqVtq′ , V
∗
cqVcq′ K |K | = (2.229± 0.010) · 10−3 [7] BˆK = 0.730± 0.004± 0.036
κ = 0.940± 0.013± 0.023
these four real parameters as:
λ2 =
|Vus|2
|Vud|2 + |Vus|2 , A
2λ4 =
|Vcb|2
|Vud|2 + |Vus|2 ,
ρ¯+ iη¯ = −VudV
∗
ub
VcdV ∗cb
, (1)
and exploit the unitarity of the CKM matrix to deter-
mine all its elements (and when needed, to obtain their
expansion in powers of λ) [3].
Extracting information on these parameters from data
is a challenge for both experimentalists and theorists,
since the SM depends on a large set of parameters which
are not predicted within its framework, and must be
determined experimentally. A further problem comes
from the presence of the strong interaction that binds
quarks into hadrons and is still difficult to tackle the-
oretically, leading to most of the theoretical uncertain-
ties discussed when extracting the CKM matrix parame-
ters. The CKMfitter group follows this goal using a stan-
dard χ2-like frequentist approach, in addition to the Rfit
scheme to treat theoretical uncertainties, aiming at com-
bining a large set of constraints from flavour physics [3, 4].
Not all the observables in flavour physics can be used as
inputs for these constraints, due to limitations on our ex-
perimental and/or theoretical knowledge on these quan-
tities. The list of inputs of the global fit is indicated in
table I: they fulfill the double requirement of a satisfy-
ing control of the attached theoretical uncertainties and
a good experimental accuracy of their measurements. In
addition, we only take as inputs the quantities that pro-
vide reasonably tight constraints on the CKM parameters
A, λ, ρ¯, η¯. This selects in particular leptonic and semilep-
tonic decays of mesons yielding information on moduli
of CKM matrix elements, non-leptonic two-body B de-
cays related to angles of the CKM matrix, and B and
K-mixing parameters.
The current situation of the global fit in the (ρ¯, η¯) is
indicated in Fig. 1. Some comments are in order before
discussing the metrology of the parameters. There ex-
ists a unique preferred region defined by the entire set
of observables under consideration in the global fit. This
region is represented by the yellow surface inscribed by
the red contour line for which the values of ρ¯ and η¯ cor-
respond to CL < 95.45 %. The goodness of the fit can
be addressed in the simplified case where all the inputs
uncertainties are taken as Gaussian, with a p-value found
to be 14% (i.e., 1.5 σ; a rigorous derivation of the p-value
in the general case is beyond the scope of this letter [12]).
One obtains the following values (at 1 σ) for the 4 pa-
rameters describing the CKM matrix:
A = 0.816+0.011−0.022 , λ = 0.22518
+0.00036
−0.00077 (2)
ρ¯ = 0.144 +0.028−0.019 , η¯ = 0.342
+0.015
−0.014 . (3)
At this stage, it is fair to say that the SM hypothesis
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FIG. 1. Constraints on the CKM (ρ¯, η¯) coordinates from the
global SM CKM-fit. Regions outside the coloured areas have
CL > 95.45 %. For the combined fit the yellow area inscribed
by the contour line represents points with CL < 95.45 %. The
shaded area inside this region represents points with CL <
68.3 %.
has passed the statistical test of the global consistency
of all observables embodied in the fit, although some dis-
crepancies are detailed in the following sections. We are
therefore allowed to perform the metrology of the CKM
parameters and to give predictions for any CKM-related
observable within the SM. Let us add that the existence
of a CL < 95.45 % region in the (ρ¯, η¯) plane is not equiv-
alent to the statement that each individual constraint lies
in the global range of CL < 95.45 %. One of the inter-
est of SM predictions is that each comparison between
the prediction issued from the fit and the corresponding
measurement constitutes a null-test of the SM hypoth-
esis. Indeed, we will see that discrepancies actually do
exist among the present set of observables considered in
this letter (the corresponding pulls are reported in Ta-
ble II).
We predict observables that were not used as input
constraints, either because they are not measured with a
sufficient accuracy yet, e.g., B(Bs → `+`−), or because
the control on the theoretical uncertainties remains con-
troversial, e.g., ∆Γs/Γs. The corresponding predictions
can then be directly compared with their experimental
measurements (when they are available). We also con-
sider some particularly interesting observables used as an
input of the fit, e.g., B(B → τν). In this last case, we
must compare the measurement of the observable with
the outcome of the fit without including the observable
among the inputs, so that the experimental information
is used only once.
Following this procedure, we do not take the follow-
ing quantities as inputs, but we predict their values: the
semileptonic asymmetries asSL and a
d
SL, the weak phase in
the B0s mixing βs, the branching ratios of the dileptonic
decays of neutral B mesons B(Bd,s → `+`−), the branch-
ing ratio of (exclusive and inclusive) radiative b→ s tran-
sitions, and rareK → piνν¯ decays. The first three observ-
ables have all in common to provide only loose constraints
on the CKM parameters, while the two latter, though
fulfilling the requirement of a good control of their re-
lated theoretical uncertainties, are so far out of reach of
the current experiments. The LHCb experiment should
bring a breakthrough in that respect very soon and these
quantities will be included in the global fit once the re-
quired measurement accuracy is achieved [13]. The ex-
perimental situation is pretty similar for the semileptonic
asymmetries related to neutral-meson mixing, with the
additional drawback that these observables suffer from
large theoretical uncertainties. The exclusive radiative
b→ s transitions suffer from significant uncertainties and
are thus only consider for predictions. On the contrary,
the inclusive B → Xsγ, which have been measured and
are well controlled theoretically, will be added as input
of the global fit [12], but are kept for the present letter
among the predictions. Finally, rare kaon decays have
not been measured yet or provide only loose constraints
on the CKM matrix elements.
In the following sections, we first discuss the main
sources of theoretical uncertainty, before spelling out
some of the fundamental formulae used for our predic-
tions within the SM. We then collect the results obtained
and compare them with their measurements (when avail-
able).
II. STRONG INTERACTION PARAMETERS
The first category of theoretical uncertainties in flavour
analyses arise from matrix elements that encode the ef-
fects of strong interaction in the non-perturbative regime.
These matrix elements boil down to decay constants,
form factors and bag parameters for most of the observ-
ables under scrutiny in the present note, and all our pre-
dictions are subjected to and limited by the uncertainties
in the determination of these observables. These uncer-
tainties must be controlled with care since their misas-
sessment or underestimation would affect the statements
that we will make on flavour observables.
Among the different methods used to estimate non-
perturbative QCD parameters, quark models, sum rules,
and lattice QCD (LQCD) simulations are tools of choice.
We opt for the latter whenever possible, as they provide
well-established methods to compute these observables
not only with a good accuracy at the present time, but
also with a theoretical framework allowing for a system-
atic improvement on the theoretical control of the uncer-
tainties. Over the last few years, many new estimates
4of the decay constants and the bag factors have been
issued by different lattice collaborations, with different
ways to address the uncertainties. A part of the uncer-
tainties has a clear statistical interpretation: lattice sim-
ulations evaluate Green functions in an Euclidean met-
ric expressed as path integrals using Monte Carlo meth-
ods, whose accuracy depends on the size of the sample
of gauge configurations used for the computation in a
straightforward way. But systematics are also present
and depend on the strategies of computation chosen by
competing lattice collaborations: discretisation methods
used to describe gauge fields and fermions on a lattice,
interpolating fields, parameters of the simulations, such
as the size of the (finite) volumes and lattice spacing, the
masses of the quarks that can be simulated, and the num-
ber of dynamical flavours included as sea quarks (2 and
2+1 being the most frequent, after a long period where
only quenched simulations were available). These simula-
tions must be extrapolated to obtain physical quantities
(relying in particular on effective theories such as chiral
perturbation theory and heavy-quark effective theory).
The combination of lattice values with different ap-
proaches to address the uncertainty budget is a critical
point of most global analyses of the flavour physics data,
even though the concept of the theoretical uncertainty
for such quantities is ill-defined (and hence is the combi-
nation of them). Several approaches have been proposed
to perform such a combination. We have collected the
relevant LQCD calculations of the decay constants fBd ,
fBs , fDs , fD, fK , fpi, as well as the bag parameters BBd ,
BBs and BK , and the K`3 form factor f+(0). In addition
we designed an averaging method aiming at providing a
systematic, reproducible and to some extent conservative
scheme [14]. These lattice averages are the input param-
eters used in the fits presented in this paper.
In the specific case of decay constants, the SU(3)-
flavour breaking ratios fK/fpi, fDs/fD, fBs/fBd are bet-
ter determined than the individual decay constants. We
will therefore take these ratios as well as the strange-
meson decay constants as reference quantities for our in-
puts. In the same spirit, it is more relevant to consider
the predictions of the ratio K`2/pi`2 of the kaon and pion
leptonic partial widths, as well as B(τ → Kντ )/B(τ →
piντ ) instead of the individual branching ratios.
A comment is in order concerning the second category
of theoretical uncertainties that are not directly related
to LQCD. As far as global fit inputs are concerned, this
is the case for the inclusive and exclusive determinations
of |Vub| and |Vcb|, which involve non-perturbative inputs
of different nature. We use the latest HFAG results [10]
for each of these determinations and combine inclusive
and exclusive determinations following the same scheme
as for the combination of lattice quantities. We refer the
reader to refs. [15, 16] for a more detailed discussion of
each constraint, whereas the related hadronic inputs can
be found in ref. [4].
III. NEUTRAL B-MESON LEPTONIC DECAYS
Dileptonic decays of Bd and Bs mesons are among the
most appealing laboratories to study scalar couplings in
addition to the SM couplings. The current experimen-
tal limits set by the Tevatron and LHCb experiments on
the dimuonic branching ratios [17, 18] are already giving
significant constraints on scenarios beyond the Standard
Model. The main limitation in the current predictions
arises from the knowledge of the decay constants fBd
and fBs .
The master formula for the branching ratios reads as:
B[Bd,s → `+`−]SM =
G2Fα
2
emf
2
Bd,s
m2`mBd,sτBs,d
16pi3 sin4 θeffW
×
√
1− 4m
2
`
m2Bd,s
|V ∗tbVt(d,s)|2 Y 2
(
m2t
m2W
)
,
(4)
where Y is the next-to-leading-order Inami-Lim func-
tion [19, 20]. mt is the top quark mass defined in the
MS scheme, related to the pole mass mpolet determined at
the Tevatron as mt(mt) = 0.957m
pole
t at next-to-leading
order of QCD. GF is the Fermi constant, sin
2 θeffW the
electroweak mixing angle, and αem the electromagnetic
coupling constant at the Z pole. We vary the renormal-
isation scale between mt/2 and 2mt.
IV. CHARGED MESON LEPTONIC DECAYS
The decay of a charged meson M (= pi,K,D,Ds, B)
into a leptonic pair `ν` is mediated in the SM by a
charged weak boson, with the branching ratio:
B[M → `ν`]SM = G
2
FmMm
2
`
8pi
(
1− m
2
`
m2M
)2
|Vquqd |2
× f2MτM (1 + δM`2em ),
(5)
where qu (qd) stands for the up-like (down-like) valence
quark of the meson respectively, Vquqd is the relevant
CKM matrix element, fM is the decay constant of the
meson M and τM its lifetime. A similar formula holds
for τ decays into a single light meson (pion or kaon).
The corrective factor δM`2EM stands for channel-dependent
electromagnetic radiative corrections. They are taken
into account in the case of the lighter mesons (pi and
K), where their impact is estimated to be at the level
of 2 − 3% [21], and for the D mesons, where the effect
is 1% [22]. In the case of B mesons, no dedicated cor-
rections are supposed here, and we assume that all the
corrections from soft photons will be taken into account
through the Monte Carlo analyses of the experiments (see
ref. [23] for a discussion of the corrections due to soft-
photon emission).
5V. RADIATIVE B-MESON DECAYS
The radiative transitions b → s(d)γ(∗) provide very
interesting probes of New Physics, as they are mediated
by penguin transitions which are directly related in the
SM with Bd and Bs mixing (from the CKM point of
view), but can be affected differently by additional par-
ticles/couplings. A convenient framework for their anal-
ysis is provided by the effective Hamiltonian where all
degrees of freedom heavier than the b-quark have been in-
tegrated out, leading to Wilson coefficients Ci (encoding
short-distance physics) multiplied by operators with light
degrees of freedom (describing long-distance physics).
Hadronic uncertainties may be significant for the exclu-
sive decays B(Bd → K∗(892)γ) and B(Bs → φγ) due to
the form factors and the long-distance gluon exchanges:
B[B¯ → V γ]SM = τB
c2V
G2Fαemm
3
Bm
2
b
32pi4
(
1− m
2
V
m2B
)3
× [TB→V1 (0)]2
∑
X=L,R
∣∣∣∣∣∣
∑
U=u,c
V ∗UsVUba
U
7X
∣∣∣∣∣∣
2
,
(6)
where cV is a Clebsch-Gordan coefficient, αem the elec-
tromagnetic coupling constant at vanishing momentum,
the index X = L,R corresponds to the photon po-
larisation, and ac,u7R is ms/mb suppressed compared to
ac,u7L = C7 + O(αs, 1/mb) where C7 is the Wilson coeffi-
cient of the electromagnetic dipole operator (corrections
can be estimated using a 1/mb expansion). In eq. (6),
U denotes any up-type quark. We follow ref. [24] for
the prediction of the branching ratio and the analysis
of hadronic uncertainties (however, we use results from
light-cone QCD sum rules and do not perform any rescal-
ing of the tensor form factor TB→V1 (0)).
The inclusive transition b→ sγ can be treated relying
on the quark-hadron duality and using a heavy-quark
expansion, so that the prediction for this transition suf-
fers from fewer theoretical uncertainties (mostly related
to the precise values of the quark masses and the higher
orders in both αs and 1/mb expansions). However, this
observable is not fully inclusive as a cut in the photon
energy is required. The corresponding expression is [25]:
B[B¯ → Xsγ]SM,Eγ>E0 = B[B¯ → Xceν¯]
×
∣∣∣∣V ∗tsVtbVcb
∣∣∣∣2 6αempiC [P (E0) +N(E0)] , (7)
where C is a factor related to the choice of b →
c transition as a normalisation for the computation,
N(E0) collects the estimate from non-perturbative 1/mb-
suppressed contributions, and P (E0) has been estimated
up to next-to-next-to-leading order using an interpola-
tion on the charm quark mass, leading to a formula of
the form P (E0) =
∑
i,j CiCjKij(E0) where the Kij are
perturbative kernels. For the present analysis, we use the
parametrisation described in detail in ref. [16].
The (exclusive and inclusive) radiative decays b →
s`+`− provide more observables, which are already ex-
perimentally accessible, but they are out of the scope of
this short note [12].
VI. CP-VIOLATING B-MIXING OBSERVABLES
The mixing of the Bd and Bs mesons can be de-
scribed upon introducing the mass and decay matrices,
Mq = Mq† and Γq = Γq†. These matrices are involved
in the evolution operator for the quantum-mechanical
description of the Bq− B¯q oscillations (with q = d or
q = s). Their diagonalisation defines the physical eigen-
states |BqH〉 and |BqL〉 with masses MqH , MqL and decay
rates ΓqH , Γ
q
L. One can reexpress these quantities in
terms of three parameters: |Mq12|, |Γq12| and the relative
phase φq = arg(−Mq12/Γq12).
Oscillation frequencies, which feature the CKM el-
ements directly, can be predicted in a theoretically
clean way, though the precision is severely limited by
the knowledge of the decay constants and bag parame-
ters [15]. Here we would like to concentrate on the pre-
diction of the four CP -violating observables βq (mixing
phases) and aqSL (semileptonic asymmetries), with q = d
or q = s. The two first observables are CKM angles of
the Bd and Bs unitarity triangles, respectively, and read
as functions of the CKM elements:
β = arg
(
−VcdV
∗
cb
VtdV ∗tb
)
, (8)
βs = − arg
(
−VcsV
∗
cb
VtsV ∗tb
)
. (9)
These angles (which should not be confused with the rel-
ative phases φq introduced above) measure CP violation
arising in the interference between mixing and decay in
b → cc¯s and hence exhibit a strong hierarchy between
the d and s quarks. On the contrary, the semileptonic
asymmetry probes CP violation in the mixing, and can
be written as:
aqSL = 2
(
1−
∣∣∣∣qp
∣∣∣∣) = Im Γq12Mq12
=
|Γq12|
|Mq12|
sinφq =
∆Γq
∆Mq
tanφq. (10)
The ingredients needed to predict these asymmetries are
hence the matrix elements M12 and Γ12. The dispersive
term Mq12 is mainly driven by box diagrams involving vir-
tual top quarks, and it is related to the effective |∆B| = 2
Hamiltonian H
|∆B|=2
q as:
Mq12 =
〈Bq|H |∆B|=2q |Bq〉
2MBq
. (11)
The SM expression for H
|∆B|=2
q is [19]:
H |∆B|=2q = (V
∗
tqVtb)
2 C Q + h.c. (12)
6with the four-quark operator Q = qLγµbL qLγ
µbL and
the Wilson coefficient C:
CSM =
G2F
4pi2
M2W η̂B S
(
m2t
M2W
)
. (13)
and the Inami-Lim function S is calculated from the box
diagram with two internal top quarks. The absorptive
term Γq12 is dominated by on-shell charmed intermediate
states, and it can be expressed as a two-point correlator
of the |∆B| = 1 Hamiltonian H |∆B|=1q . By performing
a 1/mb-expansion of this two-point correlator, one can
express Γq12 in terms of Q and Q˜S = q
α
Lb
β
R q
β
Lb
α
R, where
S stands for “scalar” and α, β = 1, 2, 3 are colour in-
dices [15]. The matrix elements are expressed in terms
of the bag parameters:
〈Bq|Q|Bq〉 = 2
3
M2Bq f
2
Bq B˜Bq , (14)
〈Bq|Q˜S |Bq〉 = 1
12
M2Bq f
2
Bq B˜′S,Bq . (15)
One has also to consider further bag parameters BR,Bq
which parameterise the matrix elements of the sublead-
ing operators in the heavy quark expansion of the CP -
violating observables (only rough estimates are available
for these bag parameters) [15]. The SM predictions of
the mixing phases and semileptonic asymmetries for the
neutral mesons in the SM are collected in table II.
VII. THE RARE KAON DECAYS K+ → pi+νν¯
AND KL → pi0νν¯
Theoretically clean constraints on the CKM matrix can
be obtained from rare kaon decays with neutrinos in the
final state, as they can only arise via second-order weak
transitions (Z-penguins and box) within the SM, and
light-quark loops are strongly GIM-suppressed. Within
the SM, the K+ → pi+νν¯ decay rate is given by [30–33]:
B[K+ → pi+νν¯]SM = κ+ (1 + ∆em)
[(
Imλt
λ5
Xt
)2
+
(
Reλc
λ
(Pc + δPc,u) +
Reλt
λ5
Xt
)2]
, (16)
where the isospin-breaking parameter κ+ can be ex-
tracted from semileptonic K decays with a correction
∆em for the photon cut-off dependence, the Xt functions
comprise the top quark contributions, and the light quark
contributions are given by the Pc and δPc,u parameters,
which are the dominant theoretical uncertainties. Sim-
ilarly for the KL → pi0νν¯ mode, the SM decay rate is
given by [30]:
B[KL → pi0νν¯]SM = κL
(
Imλt
λ5
Xt
)2
, (17)
with only small residual uncertainties from the isospin-
breaking parameter κL and scale invariance. In terms of
CKM parameters, a measurement of the K+ → pi+νν¯
provides a quasi-elliptical constraint in the (ρ¯, η¯) plane,
centered close to the vertex of the unitarity triangle lo-
cated at (1, 0). The measurement of the branching ratio
for KL → pi0νν¯ would provide a clean constraint on η¯2.
VIII. DISCUSSION
This letter collects a selection of SM predictions driven
by the global fit of the CKM parameters, in view of re-
lated recent or foreseeable experimental measurements.
The main outcome is summarised in Table II, gather-
ing the SM predictions using the inputs collected in Ta-
ble I. The third column of Table II shows the agreement
between the measurement and the prediction as a pull.
The latter is computed from the χ2 difference with and
without the measurement of this observable, interpreted
with the appropriate number of degrees of freedom, and
converted in the number of equivalent standard devia-
tions (the lack of an updated average for βs between the
Tevatron experiments explain the presence of two distinct
measurements as well as the absence of a pull).
The largest departures of the measurements from the
SM predictions are found for two observables: B(B+ →
τ+ντ ) and sin(2β). It is remarkable that this discrep-
ancy can be accommodated by a very simple extension
of the SM allowing for the presence of New Physics in
B mixing, as discussed extensively in ref. [15]. One can
also notice that the Ds → µν decay exhibits only a mild
discrepancy between prediction and measurement, due to
the recent improvements in both lattice simulations and
experimental measurements.
Concerning neutral-meson mixing, and following the
outstanding success of the B factories in their measure-
ments of sin(2β), one of the main goals and challenges
for for the LHCb experiment will consist in character-
ising the B-meson mixing properties through the mea-
surement of all the relevant observables. Each of these
measurements in LHCb but sin(2β) will provide a null
test of the SM hypothesis. In the present experimental
context, two of these observables are particularly inter-
esting: the B0sB
0
s mixing weak phase βs and the differ-
ence of the semileptonic asymmetries for the Bd and Bs
mesons. The former is predicted very accurately:
2βs = 0.0363
+0.0016
−0.0015 . (18)
Significant constraints have already been set on this
phase by the Tevatron experiments [27, 28]. The LHCb
experiment should in a near future settle its value, as
suggested by the promising exploratory work with the
first data described in ref. [34].
The semileptonic asymmetries are determined far less
precisely by the global fit of the CKM parameters. Their
prediction suffers from notable strong-interaction uncer-
tainties (in particular bag parameters). Yet, following a
recent DØ measurement of the dimuon asymmetry which
departs from the SM by 3.2 σ [35], the measurement by
7TABLE II. Comparison between prediction and measurement of some flavour observables in the SM. The first column describes
the observables. The second and third columns give the measurement and the prediction from the global fit (not including
the measurement of the quantity considered), respectively. The fourth column expresses the departure of the prediction to the
measurement, when available.
Observable Measurement Prediction Pull (σ)
Charged Leptonic Decays
B(B+ → τ+ντ ) (16.8± 3.1) · 10−5 [4] (7.57 +0.98−0.61) · 10−5 2.8
B(B+ → µ+νµ) < 10−6 [10] (3.74 +0.44−0.38) · 10−7 -
B(D+s → τ+ντ ) (5.29± 0.28) · 10−2 [10] (5.44 +0.05−0.17) · 10−2 0.5
B(D+s → µ+νµ) (5.90± 0.33) · 10−3 [10] (5.39 +0.21−0.22) · 10−3 1.3
B(D+ → µ+νµ) (3.82± 0.32± 0.09) · 10−4 [9] (4.18 +0.13−0.20) · 10−4 0.6
Neutral Leptonic B decays
B(B0s → τ+τ−) - (7.73 +0.37−0.65) · 10−7 -
B(B0s → µ+µ−) < 32 · 10−9 [10] (3.64 +0.17−0.31) · 10−9 -
B(B0s → e+e−) < 2.8 · 10−7 [10] (8.54 +0.40−0.72) · 10−14 -
B(B0d → τ+τ−) < 4.1 · 10−3 [10] (2.36 +0.12−0.21) · 10−8 -
B(B0d → µ+µ−) < 6 · 10−9 [10] (1.13 +0.06−0.11) · 10−10 -
B(B0d → e+e−) < 8.3 · 10−9 [10] (2.64 +0.13−0.24) · 10−15 -
Bq−B¯q mixing observables
∆Γs/Γs 0.092
+0.051
−0.054 [10] 0.179
+0.067
−0.071 0.5
adSL (−47± 46) · 10−4 [10] ( -6.5 +1.9−1.7 ) · 10−4 0.8
asSL (−17± 91+12−23) · 10−4 [26] (0.29 +0.09−0.08) · 10−4 0.2
asSL − adSL - ( 6.8 +1.9−1.7 ) · 10−4 -
sin(2β) 0.678 ± 0.020 [10] 0.832 +0.013−0.033 2.7
2βs
[0.04; 1.04] ∪ [2.16; 3.10] [27]
0.0363 +0.0016−0.0015 -0.76 +0.36−0.38 ± 0.02 [28]
Radiative B decays
B(Bd → K∗(892)γ) (43.3± 1.8) · 10−6 [10] (64 +22−21) · 10−6 1.2
B(B− → K∗−(892)γ) (42.1± 1.5) · 10−6 [10] (66 +21−20) · 10−6 1.1
B(Bs → φγ) (57+21−18) · 10−6 [10] (65 +31−24) · 10−6 0.1
B(B → Xsγ)/ B(B → Xc`ν) (3.346± 0.247) · 10−3 [10] (3.03 +0.34−0.32) · 10−3 0.2
Rare K decays
B(K+ → pi+νν¯) (1.75+1.15−1.05) · 10−10 [29] (0.854 +0.116−0.098) · 10−10 0.8
B(KL → pi0νν¯) - (0.277 +0.028−0.035) · 10−10 -
the LHCb experiment of the difference of the semilep-
tonic asymmetries asSL − adSL is eagerly awaited. The
prediction of the difference in the SM is:
asSL − adSL = (6.8+1.9−1.7) · 10−4 . (19)
Among the null tests of the SM hypothesis, the Z-
penguin decay rate B(B0s → µ+µ−) is specially appeal-
ing. Its next-to-leading order prediction from the global
fit reads:
B(B0s → µ+µ−) = (3.64+0.17−0.31) · 10−9 . (20)
We would like to conclude this discussion with observ-
ables which can uniquely be measured at super-B fac-
tories. The important role of B(B+ → τ+ντ ) onto the
global fit has been already underlined in this letter, and
its SM prediction is:
B(B+ → τ+ντ ) = (7.57+0.98−0.61) · 10−5 . (21)
An improved precision of the measurement can only be
achieved at high-luminosity B factories. The branching
ratio of the muonic mode, predicted to be:
B(B+ → µ+νµ) = (3.74+0.44−0.38) · 10−7 , (22)
is a further experimental target.
Let us finally add that this short letter has collected
the SM predictions for some salient observables in flavour
physics, in view of the running or foreseen experimental
programmes here. This obviously does not exhaust the
discussion of the inputs, predictions and methods dealt
with the CKMfitter package, but we leave this subject
for a more extensive forthcoming publication [12].
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